V 





(51) ' 
(21) 
(Z2) 



-.^a-^a 8(28.10.2003) 
0*® 



|^1S2.3?5391^^^^, 330 8(30.10.2002) 



3P 



^ '.Ac method of ftapte type > ^^^^ , 



o 

ON 




^. Afalsealteiation detecting t^*od«s^^^^^p^. 
(57) Absti«<A-/.^'Lg;ietypeby number th^^^ ^sform 
Utermaricn^ethodof^ „ ^^^^^SS) conducts num- 

cessing section seBp«ame ^^^^^j^.^^)(Sm 
(SlOl), and «^'*%°'^"?{^y)tocalculatethenum^^ ^^.^j, 

adds the ejnbedment va^ue ^^^^^^ ""jSTsfSculates the in- 
ded image blocks hy(x,y).s«' 

section. ■ -'- 



o 



S1M. . CALCULATE i RETlCTBAMSFORM 




W<J2004/040902 Al lillPiPllliniiinNliniliDllil 



[JP/JP]; T064-0804 4tSiS ft(Siti4>^E 1^ 4 ^3 
11Tai29 3-1 2-8 O 5 Hokkaido (JP). 



(74) ftSA: H (IIASHIZUME,Takeslii): T 104-0061 
mSff't'ftKtBffiaTB 1 3»1 7#Tokyo(JP). 



(81) }§£S (Srt;: CN, KR, US. 



(84) |g£s aam): a — n (DB, FR, GB). 



wo 2004/040902 




•CT/JP2003/013772 



m m m 



wo 2004/040902 ^^CT/JP2003/013772 

2 

!^gB2002-44429^^^ 
^^2002-201 703#^|R 

^M*^L^5C" ie2ooi-33.pp.io5-iio. 

5 Jul. 2001. 

fSfS-S- IE2002-45.PP. 19-24. Jul. 2002. 

H. Tamori, N. Aoki. and T. Yamamoto. "A Fragile Digital Watermarking 
10 Technique by Number Theoretic Transform," lEICE Trans. Fundamentals, 
Aug.2002. 



theoretic transform: NTT) <!:B¥(*;|x-Sit3£^^$ffll^fc:flfeliMM-T-igj5^L 



wo 2004/040902 




'CT/JP2003/013772 



<o=y:y^Aitmmiz^^^»:m-t^7.'r^:f::ft. 

25 ^VZft. 



wo 2004/040902 '^H^ ^^CT/JP2003/013772 

4 

«lSgiJ(*. tl4^>j2^^^/^J^li^-:^P«y^7h,,,(x.y)^ifeti^illL-CS«)ai^V.^ 

Mas? I*. ±x<D^{tmM<oi^mou. i)':fuv^iz-oi\xm^m^o>m 

mmsui'^^^^^t\z^^)m^mms'\^mx^ ^^^mmmz^m-r^. r 

t 



wo 2004/040902 



5 



'CT/JP2003/013772 



iskmuit.mmmiyo^y<7<Dmm^^yo':/<7F,^iUsy)iz, (x.y)(cf£:i:r 



wo 2004/040902 ^HCT/JP2003/013772 

6 

mms,^,^^isb^ztizj^y)m^mmisit:mx.^ti^umwz'idmr^.& 
t 



|g2ll|(±. •'>;^7^A1iJt<DttB§Il|-efc'5o 

msmit.f&m^miz^^mmmm'f-^ti^Lmiz-Disxommmxib^. 



wo 2004/040902 
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10 ^.mm^m 
1. 1 «S 

— J. H. McClellan, and C. M. Rader, "Number Theory in Digital Signal 
15 Processing," Prentice-Hall, New Jersey, 1979. 

1993. 

x7^— ^?m^^ic^tt> mm. 2001 . 

20 - H. J. Nussbaumer(^).'feJII3t^.*ratl^(ll^).lgii:7-gxSglil 

(dt;i/3 'jXA> mmi^miumt. mm. 1 989. 

as. ap:j-%t. mm. 2000. 

25 ^-r. ^P. Qf^iEaJ^ifc.N ^(x'*-^modP tt<i:^mn^<DjE<0^m. 
ft^o Cd-^, 0 (P)$Euleri|ISi:-ri>t. N= 0 (P) tJEcS Of $ti|»N05J^ 
J&Stn^lK. N< 0 (P)(D a^, #lciiiSN<Dai:Pf .Sxo 0 (P)I*. pJ: 



wo 2004/040902 
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N-l 

X{k) = J2 ^(^)QJ^'' (niod P) (1) 

n=0 

^ W = ;^ X? (modP) (2) 

A:=0 

pitmmntLxmmx'^^. tz^bx. mm^mziQi^xitPi:iit^ ^;u-tr> 
p^mmtLXs 

p = P?P?"'P:;r (3) 

iV|GCD[(pi ^ 1), (p2 - 1), • • • , (pn. - 1)] (4) 



wo 2004/040902 




►CT/JP2003/013772 



^ISb^Z.ti)<-^^i>mA.{t.H. J. Nussbaumer(^). Justus *F^tlie 
(f^).^3^:7-«JXg!g^a>T;U=f'JXA.^^ft^&tbJK:tt.mm. 1989 ^ 

5 #Mo)o 

HilJ^^S (Chinese remainder theorem) (*. Z(D3ifl7b^bfe'^>ii|!^•^I»t 

10 31j.^:lbaJliS^^#4±. 1986^4^ 3 B.#M) 

[^S] ^m,(i=1.2. • • ' .\)^S.lMzmtdiJEmmzmxSM = m,m^- • -m^ 

<a>„,=r, 0 = 1.2. •■•.1) 

(CZCI. r.IiJim.l^li-r-SaCDflJ^-efc^o ) 
15 $^£-r'5iE^|fea(0<a^M-1)[±^jC-^IIi-(C#^6;K-5o 
a= Zdidi'V, (mod M) 

d,=M/m, s 
20 d,-' = (<d,>„,)-^ (mod m,) 

(J&fc. (<d,>„,)-M*jSm,-C<Dm^iai7Co) 

1. 2 

i5lix.f#. P =61 009 = 1 3^ X 1 9^(Zj;^ISfe||^g|$#^So ^-fs GCD[1 2, 
25 18]=6J:y.N$N I 6=[1,2.3. 6]3b>C,M^-r^o::c:T»l*N=3$^ffl-r 



wo 2004/040902 
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a2.i = 3*3^"' = 146 (mod 13^) 
a 2,2 = T^^"""' = 292 (mod 19^) 

af=653i:^*'So 

1*<ai^^^*^NT*fc§^.y$13$5£.!:Ltc<iiftN(CZ/£t3)-efc^oy=3. 
10 90^, 3'DiS^lz"3"f)<tiiXl^^tztb. 3. 9At:St?fe^o ^J^/i. 

http://fox.zero.adjp/''zat25960/math/nufnber/inclex.htm » 
CCIT?. —mtLXs Jil±(cS-^#. N = 3a>^5l]x=[1 O. 20. 30]^<DSIC|| 

X=:[T]x 
x=[T]-'X 

X=[X(0).X(1).X(2)]^ 
20 x=[x(0)sx(1),x(2)]'' 



wo 2004/040902 



11 
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[T] = [a*"] = 



1 1 
653 653^ 
653^ 653* 



1 

653 
60355 



1 

60355 
653 



(mod 61009) 



5 



10 







1 


1 


1 


= a 




1 


653"^ 


653-2 






1 


653-2 


653-* 




' 40673 


40673 


40673 




40673 


60791 


20554 




40673 


20554 


60791 



(mod 61009) 





' 10 ' 




20 




30 



1 1 1 

X= 1 653 60355 
1 60355 653 

= [60, 54459, 6520]^ (mod 61009) 

x=[T]-^X=[10, 20.30]^(mod 61009) 

Clw-e. ^J^(*, ig^^(Z)^^JX=[60, 54459, 6520]^)5<X' = [61 . 54 
459, 6521 yiZ^Lt^Aj^^tzt-r^c ^^^^(Olhtix' It. 
x' =[T]-^X' =[11,238.40485]"^(mod 61009) 



wo 2004/040902 
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±ai(7)ix:^^ Alt ic^b. ^Ije^ii ffl ziveo.— $130^^ BSLxmit 

SlCcfcyN$5IIS^i■r^*5l::LT%^l^, 

m^pitm^motzib. mmmm^>if:3.—'5iA o*Ne,gM#ffl=i>ei-^2 

26 



wo 2004/040902 
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15 B^-r-S o 

El 4ldi tfe:7--«j (Zck-sm^MTb^L/^O) — I5IJ icoo^r <DSie« S 

•To ® (a) I*. mii^TL^mmiz-Di^x. @ (b) littaiiiasizoixT. 

25 =0, 1 . -.K-l ;j = 0. 1 , -.L-l ;x^y=Os 1. -s N- 1 ) o f, j(x> 



wo 2004/040902 ^KCT/JP2003/013772 

14 

(*. m^mmsl (kx L®m. i bitPgil)$lB1i«P5*^e,M 



^ij i^i y) otherwise 

(6) 

'y^h,,j(x. y)^n^^ mm^^[t. jy.±<D^#$-r^r<D3f p^y-^i^mv s 

-^s W«1t«a>ttai«iSICOt%T(*. «IS«P1 *^ H,^,(x' . y' )i:F,.j(x' . 

9ij = e-^{Hij(x\ y') - Fij(x\ y')} (7) 



wo 2004/040902 




'CT/JP2003/013772 



15 



3. 2 isimmmz^^^mmm=Fmt'^\.m 

10 

. 3. 2. 1. mib^^mm 
EI 6& tKs 7 fc , a)-7 p — tf-v— h ( 1 ) & (2) ^^-r o 

p. &i;<iiaN, Of ^is^-r ^(si 01 ) o 
15 p(*.0>i^«. fc^>)^^^l:«)J.— «f36tA*«B2(Zcfe-3ri?i:7T-r;i/5irci9::E-r^ 

LTP^^^f PI*, (3X0*71^, mwio^^miz^^^^o-^ 
JU5^^^mt^ii^s■&wt^:il^m^>'^xt^u•r^^txNi&mM•r^oN^t. 



wo 2004/040902 ^BIcT/JP2003/013772 

16 

JEirfcs ±3t<l:I^4ilcJiiii^[f] (kn x LNil^)$N x Niii^(DK x LmcDz^o 

= 0. 1 s L-1 ;x,y = 0. 1 , — , N-1)o 

o^lc. iasSPi tt, ^ (1 ) . (2) (cS-:5i\T, :^7^':/:^si 01 -eig^LfcP. 

•y^F,,,(x. y)^lt^t-'5)(S1 05) o 

Hij{x,y) = Fij{x,y) + (-1)=^+^^ (8) 
Fi,3 y) + 5 = Qij (mod e) (9) 

^m^mm.(j>'^it^mx. 'Y^^t5im.tr^z.tiimi^i,i^o ^tz. w . y' )i*. 



wo 2004/040902 
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17 



O^fC. tt. ^i6fcF,.j(x' . y' ) RlXg,.i^ffl t^r . ±mO^ (9) 



^' = r-^'(P,i,J,/M(0,0)) 
= V(P,i,j,/,,i(0,0)) 
I = j — 1 (mod JD) 



(10) 

(11) 
(12) 



wo 2004/040902 



• 
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Rlfli<z)l5ffl<D):?P'y'j7(=>^Lr±Ma)#XT-y7fsi 01 '-si 1 y^is^ff o 
fcJi^(*XT-v:^si 21 icji^. «-??/ci:iMS^i*X7^'y:^si 03(zMyi!BS 

^^yit-r (S1 1 9)ommuMt. \>j,±a>mm^-r^xo{^itmm(D^m 
<s#-r^(si2i)oiai3igpitt,i/F6X[*aj*sis3$^Lr. gfisa^sf^ 

izjtCXfi'yjt—'^tLXH^m^^o\zL,x=h§ki^o ^cJJ^ ::c:"C(*XT-'y::^si 
21 ,!:;^-r*>3^si 23^3fe5^JLT^^a3lLr^^-s*^ XT^y^^si 21 ^*aSL/=^ 

IC, X^'y::^'S1 23$«iSLT4.aiNL. X-r*v:^S1 23$«kSLfc^lzX'x»y'^ 
S1 21 (DfttS^ff 3.i:3lcLT^,^l^o MSSHI ^H^SIffli^g 

3. 2. 2. ti^tti^^ 




(13) 



wo 2004/040902 
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10 ^<j^3it?(S203)o 

^ (1 (2) iz&':si\xmtbi^^mHmmyoy^ht^^Us y)^mm^^L 

-CH,.j(x. y)^tt-#-r§(S205) o *fcs ^HkSftSl ^aiLfcW« ®^t(DS 
tS$;K/i^>^Ajbliia:r,..r,.$fflL^T$fe^-r -5(8207)0 

(x' , y' ) jcy^ig iii^<Diij^fi&g,.j^ttm-r'5 (S209) „ irta:t>t>s mm^ 1 

its '^^(D^^lZs H,.,(x\y' )(0 e f=J;«li^^$»-5zi:fzj:oTS«®^a) 
20 ®mfil^*a6«>o 'Ecfc. SC(9)$^}^f SC(l4)i:3B:y , S€lii^a>iiim 



MSSPH*s#iSiii^(7>iijmfiig,.,$I51t§P5©jSl:<7)x';T(9-"j7x»;T 

25 l-**UrtoS^^»y7fS201~S211$ff-3fc^^|*X^':/:^S215|CiiJif. 



^' = y) (mod e) 



(14) 



wo 2004/040902 
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• 15 4. Hl^^^ 

m 1 o(c^ ||@|(c^ffi-r^iiI4^(0@$^^o @ (a) . i^iH^. @ (b) s 

«®^*-5-H-^tt^-^o m (a)(DJ;5'5:SIDBAa>:^l^iS^T?fe-g>Text(256 

mttd:^mWiWS.^<0/i^^—^ltP = 85s 147. 693, N = 4$fflt\.#i8® 
20 mtm (b) (64 X 64lim. 1 bltl5g|S)$fflt^fco S«)a^33lJt £ 1*5$ 

r^, = lx{P+i+j+/i,i(0,0)} (mod N) 
V = 2x{P+i+j+/i,z(0, 0)} (mod N) 

SI (b) itmm^tLtzm^m^^'t^'^^^'to s i o(a) (c^l-csac)^^^© 



wo 2004/040902 flP ^PpCT/JP2003/013772 

21 

S^lTotcligmA^glll (a)t?feSoSNR(i56. 7 3dB .mtb J^^lZ^ 
irt^^^o 011 (a)AN€)tttHL/i:S«iiilt*<EI1 1 (b)-efcy. 010(b) 

(b) It (a) ai ^Htam^^'tti^^^ro 

a>SP^f35Sy#(tfc:^,fl)-efe'5o 01 3(a) A^e>amLtcS^S®^35<0 13(b) 
5. S^ttfCOlNTCD^it 

x\siT<o^oizmm-t^otztzL^mmitmtbii,^m^mmh-\ft^x<j> 
(1)T;^=r•JXA*^e,ii^^j:^&^^$<K«f 

tLXs 



wo 2004/040902 
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a b 
c d 



a h 
c d + 5 



A + d B-5 
C-S D-\-S 



^(14) iz^i) . jEMom^ mn^m^^itii^v^^. 



wo 2004/040902 



23 
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1^2 = fJil + /JL3 a{lJb2 + /i4) 
= Ml + At2 + Qj(M3 + 

i>'4 = Atl + q:(/X2 + ^63) + a^A*4 

z^i = Ati H- /X2 + /Lt3 + M4 = Aie 
2^2 = A^i + Ms H- a(A*2 H- A*4) = A2e 
1^3 = Ml + M2 + a(M3 + M4) = Aae 
2^4 = Ml + a(M2 + M3) + a^M4 = A4e 



wo 2004/040902 




'CT/JP2003/013772 



24 



\^7i--P(omm\z&^o LjbNLni:*^?). UlS-ei* e = 1 2(::fcl^T=fcSNR(*48. 2 
(3) \d^yY'Zf\y—>^<D^t^/u 

20 «:l^tci^)l::li^^^*:0gS^^^i:L■C:glal$^^'5o 

m'^.:^^mva>r^-.r,. lt\.it:-^t^mmv&%tzib. :l<D13ma>^^^V^t 



wo 2004/040902 




'CT/JP2003/013772 



6. tyTU 

m^miz^^mmmm'f-mii'^uzjp.^^i^Aj^m.mmiz'Di^xmmLtzom 

mizi^ir^mmm<o^±mz'oi\x(j>m^^n'otzo 
^>dn.-^{zmnt^^tzi^)<oni.^Aji^th:^o^^jx.?u^Aji^myn^=y 

mmizmwiL.^<D^'?tjimwib^iomf07L^t£mmzmii'^Lmn^misbiLt^ 

^mmz^^t. ui±a)ck^(c, ms^nWk^ml^tzm^mm=f■^f^^Lm^^!5' 
mLtzWLtiaMmiz^^mmm<om^mfj^L^^mi^fz?k^/umtiiyj^^jk^ 
^mmyni/^ARU't(Dyo</^A:^tdmLtztmmi!^^mmi-^z:ti!i<X' 



wo 2004/040902 ^PPCT/JP2003/013772 

26 



wo 2004/040902 CT/JP2003/013772 
^ 27 

m ^ (0 



15 y") tm^m^(Dmmm.ei^itmit>L^^m E j^t'j . ^:^av^<Dm^7L^ 

^:^P^/^H,.,(x. y)$3j^to-5Xx'>:^ii:. 
20 «BSSP(*.i!tfft|g^:?P»y^H,.,(x.y)<Z>iSfr|Sll^g|$ti-SLr.ffi«>3a 

^^^V-®#i:?p-v<;h,,,(x. y)^tsttt>^7.7-vyt. 
i!assp(*. ikT<DX(*fiiTM<o®H<D(i, j):^p»;/^(coiNTa«)3x^«^,^^ 

®ft^p-;/^h,.,(x.y)^^to^c<!:(CcJ;ySd6ji^^^iir^[h]$#rs-e 
25 yttJ^if -SX^x^^^^i: 



2. ftlSgPf*. fflft3^^l^^®^t[h]$3f P«y>7^ilJLfcS463^^S^J!^®^^ 



wo 2004/040902 '^p' ^P^CT/JP2003/013772 

28 

^.RUy:sLitsm^mmL<itm:hB^L<it-(>^—:pji—y(.izmtj-r^ 
3. m^mm.^wMmz^ib'^ti^^m-BLXsm^m^ti^m'^^^mti^t: 

iiiii:^^p»y^f,.,(x,y)$S!i^at?;^-T-:/::fi:s 

y)^iaiil^^L-ciiiiif:?P'v^<o»Si^^::fP'y<j7F,.^(x.y)$H-S-r'5 

«i3g«Pfi. ^-:fnvo\znnhm^ m^osi^ji^^® (x' . y' m 



wo 2004/040902 '^m^ CT/JP2003/013772 

29 

y' )i:^«iii^(7>iii^fligu,<!:Si6ai«^5iig e l^icfeU. ^^P^y^tOtitoii 

M«3i^P'y^h,.,(x.y)$^«)«CI^fCj:yS«)5i^^^®^t[h]$#r.-e 

fti S (i . S a6 i^/^ ^® 0 [ h ] p ^ tij Ufc S a^) ^z^^^ii ^ 
3fP-y^h,.j(x. y)$. lBitaiX/±A*aPX(4-f>^— :7x— xA^^,^^at^ 

iiaasiJi*. ffl«)5ic^^^iiia:?P'y<7h,.,(x. y)$iki(l^^LTSi«>a^ 

,^^^®^3fP^v^(Dic||^^^P-y>7H,,,(x.y)$tf-a[-ri)X7^':/3fi:, 

«issptt. ¥«®^(DSi6a^&fi(c>^fS-r'5ttm^a(x\y' 

iiaaSPli, ttaii4gCDiSlig!g^3fP'V^H,^j(x' . y' )(7>ffi4^)iiJ^5iJt £ 



wo 2004/040902 



30 
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6. iiaaagiiii, mii>^^m^mMih}:si.xsm^mmsiiz^':si^x. mm^ 
7bm3<oi^-rMMznm<o^^A,mm:f3mo 

•r^iS^^17!IM3<^L^r:^iAMciBS«)QJ^^^;glai^^£o 
9. MaSPIi.N I GCD[(pi-1). (p„-1)] iZ^^mtbhy 



wo 2004/040902 ^^CT/JP2003/0 13772 

31 



1 o. ^!ls^alf*. wt'^-^iMz^pjSLXs^mM^^'^^s -micsiu$*t-&t« 



11. «iasp(*.p,^^i»sr,$jE<DSi8[tLr. p=p/V2'^-p„"" -c?m* 
mmmt.i^Lmu^shi \ gcdccp^-d, (Pa-D.-. (p„-i)] 

AT-Z 

^(k) = H a;(n)a*" (mod P) (1) 

n=0 

x(n) = iV-^ 53 X(A;)a-*'' (mod P) (2) 

20 

= 1 imodP)ttJi^Wif\^<OjE<Dmm) 
X=[T]x 
x=[T]-^X 



wo 2004/040902 




'CT/JP2003/013772 



32 



a;' = r,'(P,i,J,/i.z(0,0)) (10) 
2/' = rj,.(P,z,j,/M(0,0)) (11) 
Z = i - 1 (mod L) (12) 

M31S»(*.#:fp»y>7(c:fc(t-SW«lIit<Offid^>a^^?^feM(x^y')^.m 
«i3iSP(*. ffiJ«)ai^<ag<oiisiit:^P'>^a)l^iir^^:^p»y^F,^,(x' s 

y' )i:§«liima>®m<tgKii:a«)5i^5^Jt e lcj:y. #:^P»y^7a>a«)a 
(5 to ^:^i^'y -^t . 
«kSSPI*.lllii#^:^^p»y^a>iaii^m:^P»>^F,.j(x.y)(c, (x,y)|zt6:i: 



wo 2004/040902 ^PpCT/JP2003/013772 

33 

^:fp»v^h,.,(x.y)$.IBlSSPXI*A*SPX(±'r>^— 7x— ;^3bNe>Mi^ 

mmmit.mi^ii^^m^mM:^a'y<7Ki(x.y)^fssLUsm^Lxmisbj^^ 

ic<j:§^j ^ -5 iCcfcoT . # « ® a> Si ^ Mg,. m t--g>;^7"'y 

mmmt. ±x<oyL\tmu<Dmmo>(.\. i)-:yo^:/<7\z'Di\xm^mm<j> 
mmmsuit:^ib^^tiz^^)m^mms}^nx.^H^nmm:L^m.-t 



wo 2004/040902 CT/JP2003/013772 

34 

TS«)32i^»6^»QSi:xi*MlLLT.S«)jii«^/^^iii^3fP'v^cDi&lil^ 

iftiii^^:^p»v^H,,,(x.y)(Dja»lsii^^$tfS[Lr. 

^^^lHt:^P'y^h,^j(x. y)$*«)-6x-T»:;-^t. 
®^:?P*V^h,,j(x.y)^^«)^Z«!:(CJ;yaAC)3A^.^^9-iii^[h]$#T. 



wo 2004/040902 I^V CT/JP2003/013772 

36 

Mxxit. m^^^L<\tm:^mmL<it>(>^—z7ji—>(.izmti-r^ 

y)^mmnmLxmmm-:^ay<7<omm^^yov^F^^^u.y)^^mf^ 
iaaepi*, ^-yuv'y\zi^n^m^m^(s>i^it>^^H^m.w . y m 



wo 2004/040902 




'CT/JP2003/013772 



mmz^a^^<7Ki(x.y)^-^iSb^ztiz^^misbi2,^m^mmh-\^mxs't 

Wo 

«&sspttsS«)j^^^^is<i:/p»>^h,,,(x.y)^lSlllS^Lrffifta^ 

^o'y'^^ju^mmzm'^i^x^^-r^-^^v^t. 
\z^^m^^^^^t{z^':>x.m^m^<r>mmm.sx^{&mti!i'rh7.^^:f-^ 
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